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achromat 



achromat: A usually two-element lens that is corrected to bring two specified or distinct wavelengths to 
a common focal point. Note J: The term "achromatic" literally means "without color." This is not 
strictly true, however. Early lenses consisted of only a single element, and therefore could bring only a 
single wavelength to a given focal point; i.e., they suffered from what is termed "chromatic aberration. " 
The invention of lenses with two elements meantthat two distinct wavelengths could be brought to a 
common focus. This represented a vast improvement over the single-element lens; hence the designation 
"achromat (ic). "Note 2: The residual chromatic aberration manifested in the image produced by an 
achromat (and other multi-element lenses) is usually referred to as the "secondary spectrum . " Synonyms 
achromatic doublet , achromatic lens . 



This HTML version of Telecom Glossary 2K was last generated on Wed May 8 15;36r48 MDT 2002. References can be 
found in the Foreword. 



http://www.its.bldrdoc.gov/projects/devglossary/_achromat.html 
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be rearranged to say that the ray ang.e magnification condition takes the form ^ 

sin0' nx __n_ ss const (4.104)* 
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the angles 0 lf 0 2 , . ■ . and arrives at P at the angles u l5 * 2 , , 
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(4.105), 



sine condition from the conservation law a planatic by a variety of I 

Real optical systems can be made ^^^SdS^y for small off-axis? 
devices such as the use of meniscus ^^^'^£2* in microscope^ 

condition and accepting some coma and related effects. 

B. Chromatic Aberrations _ 4 

Because most optical systems are used with 

dispersions of the refracting media -^^^Havelength so thatf 
designer must consider the van. on of ref *cUve nd ^ h independent.^ 

the resulting performance of the system 18 . aberration s: (1) chromatic:! 

We can distinguish two general types of chromatic abe ^ t,on ( ^ wawlengttej : 
variations in the paraxial image-forming P^soi ^J^^^?^ 
dependence of the monochromatic We will '| 

the locations of the principal P^^*^jSS»8lh dependent. We canf 

Sg-fSgts ^ ;= rr st-sj- - ^ 

systems, we will start with it. 
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Fig. 4.47 When chromatic aberration is present, the paraxial image point 
depends on the wavelength of the light. Blue light (b) and red light (r) 
create different images that are separated by AS'. 



1. Single-Refracting Surface. Consider first an object point P on the axis of the 
system. With refractive indices as shown in Fig. 4.47, the image formation 
condition is 

1 n n - 1 

S + S> = -R- < 4106 > 

Let us denote two different wavelengths by r and b (for red and blue, typically) and 
assume that the indices have the property n(b) > n(r). The change in index 
An - n(b) - n(r) will be small compared with unity for transparent optical media, 
and we may use approximations to first order in An. Then we let AS' = S'(b) - S'(r) 
represent the longitudinal chromatic aberration, and by differentiating Eq (4 106) 
we obtain 

Here n and S' can be evaluated at any convenient wavelength, but best accuracy is 
obtained with a wavelength between r and b. 

At F{b\ the focus for b light, the rays of r light will form a cone converging 
toward P\r). The cone will have a half-angle of approximately p/S\ and it will 
intersect the b image plane in a disk of radius 

A disk of approximately the same radius is formed by b rays in the r image plane. 
This is shown in Fig. 4.48. 

An off-axis object point will produce images in r and b light at different heights 
from the axis. This is shown in Fig. 4.49. The object point P has chromatic paraxial 
point images at P'(b) and F{r) that lie along the undeviated ray (UR) that passes 
through the center of curvature at C This leads to a wavelength-dependent 
transverse magnification. 
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Blue image plane 




Red image plane 



Fig. 4.40 Appearance of the "focus" in the vicinity ofj^r 
the paraxial image points for blue and red light. 



The fractional change in magnification 

Am x x'(b) - x'(r) 



(4.10# 



m x x 

where x' is the average of x'(b) and x'(r), can be found through a consideration of | 
the similar triangles shown in the inset of Fig. 4.49. We have 

x' -[*'(*>) -*'(')] 



so that 



(S' - R) AS' 

AS' x'(fr) ~ Am, 
(S'-rt)~ x' ~ m x 



(4.110)f 




^-■■^1 - U'(6) - 



x'ir)} 



S' - R -AS' 
Fig. 4.49 Chromatic dependence of the position of the paraxial focus in a direction 
perpendicular to the optical axis. 
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This can be modified by rewriting Eq. (4.107) as 

S' 2 n RS' 

leading to 



AS' _ AnS; 
(S'-R)~ n R (4 * 1U) 



Comparing this to Eq. (4.1 10) yields the final result 

Am r An S' 



(4.112) 



m x n R 

which is independent of x\ 

In complex systems with several refracting surfaces we can often remove the 
longitudinal chromatic aberration so that the blue and red images coincide for an 
on-axis object point at a particular distance. Unless the different colored off-axis 
rays themselves coincide, in general, there will still be chromatic aberration for off- 
axis object points. Thus the wavelength dependent transverse magnification is 
harder to correct. 

2. Lenses in Contact. The cemented doublet is one of the simplest and most 
common of the "achromatic" designs. Given two thin lenses with essentially zero 
separation d, we can write the power of the combination from Eq. (3.79) as 



- = & = + 



with 



and 



=7r ini - l iir^ = (ni - l)Ki (4113a) 

^2 = jr - (n 2 - 1)^- " ]Jr) = ("2 ~ l)K 2 (4.1 13b) 

The quantities K u K 2 are called the total curvature of each lens. The change in total 
power caused by a change in wavelength is 

A0> = An^! + An 2 K 2 

We used Eq. (4.113) in the second equality and have introduced the dispersion 
constants of the glasses in the two lenses, which are defined as follows: 

y i =~h > V 2 = ~K (4.115) 

A«i An 2 ' 
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The wavelengths at which the n's and An's in Eq. (4.115) are determined are taken 
conventionally to be the following: ^ 

An = n(F) - n(C) 
n = n(D) 

where F represents the blue line of hydrogen at 486 .1 nm ^e ^me oT| 
hydrogen at 656,3 nm, and D the yellow lines of sodium at 589.3 nm. The D line i 
close to the wavelength of maximum response of the human eye. The F and C 1 nes^ 
t ve a convenient spread across the visible spectrum. Data on indices of refraction j 
^nd ^SntSants are supplied by the glass -nufacturers often as a 

spectrum; we would then want to select a camera lens achromatized for shorter^ 
-t^^^.X^r achrotnatization at the two wavelengths! 
used to define An, we set A^ = 0 and through use of Eq. (4.115) obta.n 



'_2 = _11 



(4.H6)% 



a. 



or 



hv, +/ 2 v 2 = o 



By writing 



(4.117)^| 



we obtain 



^ 2 = 



^ 2 



and 



(4.118) I 



1 V 2 - V x 

Eauations (4 118) give the necessary condition for our thin lens to to 
achroTat zeS for the two wavelengths used to define An. The chromatic 
SrS?« other wavelengths is called the secondary spectrum and is often,. 

^St^^tmtt have opposite s^If^^v, we need^ 
9x > -^ 2 , assuming that 9, is positive. Then by Eq. (4.116) we want 



V 2 



^2 
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Fig. 4.50 Achromatic lens. 



^ U «mifi P °? tiVe C ° m P°" ent mUSt h3Ve the larger dis P«sion constant (and hence 
tne smaller dispersion An). 

To control the secondary spectrum and to minimize the monochromatic 
aberrations we want to keep the magnitudes of 0 X and ^ 2 small. This can be done 
ii | v 2 — v l I is large. 

The shape factors of the individual lenses do not influence Eqs. (4. 1 1 8) These 

C Z^Tl 1 SPhCriCaI aberration and For inexpensive achromatic 

doublets, the shape factors are more likely to be chosen for ease of manufacture 

^ZTT' ^ F OS,t,Ve element iS ° ften e ^ ic °nvex; the negative element then 
becomes almost planoconcave for typical glasses used in a cemented doublet 

Nn ™ 7 a £f am P ,e ' c | 0 "f , i ,er a cemented doublet made of borosilicate crown glass 

No tll^lt' V = , 517 ' V r ^ 35 thC P ° sitive element and den <* glass 
617366 aS i e K e ? atlVe f ,ement - Then U the focal le "g«h « to be 10 cm = 0 1 m 
the power ^ will be lOrn"' (diopter). Equations (4.118) then give = - 13 118 
diopters and =23^118 diopters. If the positive element is equiconvex, the radii 
of curvature then are R = -*< = 4.47 cm. Because the elements are in contact, we 

Zlra^ed in Vlg. ^ ^ ~ « ^ * <° * 912 «* ™" »-s is 

3. Separated Doublet. The system consisting of two thin lenses separated by a 
distance d in air is a model for several important optical instruments. If the 
components have powers of 9 X and ^ 2 then, from Eq. (3.79), the total power will 

be 

1 

Then the change in &> at two different wavelengths is given by 

A<? = + - ^ 2 A^>, + ^ A^ 2 ) (4.1 19) 

Proceeding as before, we write 



